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sation  established  to  service  the  translation 
and  research  needs  of  the  various  govenusent 
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1  TRACEIHa  SC.A1Q3SR 


[Following  Is  a  translation  of  an  artielo 
V.  A*  Garoaah,  V.  S*  Nereyerzsn-Orlov 
and  V.  H*  Tsirlin  entitled  "Uatroyatvo 
sledyashehey  rasTertki**  (E^llsh  Torsion 
abOTo)  In  laveettva  Akademil  Sauk  SSSR. 

QIN.  l^eiyetllca  i  ATtomatifca  mwife  ^  the 
Acadeay  or  isolences,  OssR,  Technical 
Seienoea  Section,  Energetics  and  Autom^ies), 
No  1,  ifosoow,  Jan-Feb  1961,  pp  I66-170J 


A  number  of  wozics  Cl-^haTe  been  devoted  to  the 
process  of  identification  by  man  of  shapes,  in  parti¬ 
cular  of  Images,  by  a  modelling  of  that  process  and  by 
the  creation  of  specialized  devioes  which  enable  auto¬ 
matic  identification  of  presented  images* 

In  creating  devioes  for  the  purpose  of  identi¬ 
fication,  special  attention  must  be  devoted  to  problems 
in  the  detection  and  smCLysis  of  contours  of  an  image 
[4^.  The  problem  of  detection  of  contours  can  be  solved 
in  a  great  many  ways*  Zn  particular,  by  using  a  scanner 
in  two  mutually  perpendicular  directions  one  can  obtain 
a  contour  image  But  more  description  of  the  con¬ 

tour  is  required  for  identification  of  an  object  by 
its  contour,  on  which  the  logical  part  of  the  identi¬ 
fying  device  can  make  a  definite  decision.  Zn  this 

>1^  See  Literature  page  8. 
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dently  offers  the  best  possibllltlea,  since  In  this 
ease  its  description  is  obtained  by  oimpler  meens. 

This  operation  can  be  performed  by  a  tracking  scanner* 
Kention  of  a  tracking  scanner  has  already  been  made 
in  discussion  according  to  Loeb's  paper  there 

have  been  no  other  references  to  It  in  the  llterattire 
up  to  the  present  time* 


The  operating  nrineiple  of  the  tracking  scanner* 


The  tracking  scanner  is  a  device  vhieh  enables  auto-> 
aatio  movement  of  a  scanning  spot  along  a  contour  that 
is  being  tracked*  In  so  doing  it  proves  possible  to 
separate  the  current  coordinates  of  the  scanning  spot, 
and  this  enables  one  to  obtain  an  analytical  expression 
of  the  function,  a  graph  of  udiich  is  the  contour  being 
t]:*acked* 


The  problon  of  obtaining  steady  movement  along 
the  contour  is  reduced  tot  1)  establishing  an  operating 
regime  for  the  device  in  which  the  position  of  the 
scanning  spot  on  the  contour  is  steady;  2)  providing 
for  movement  of  the  spot  along  the  contour  in  a  given 
direction* 

If  the  soanning  point  is  forced  to  move  about  a 
oirole  in  aueh  a  way  that  it  crosses  the  edge  of  the 
contour  and  shifts  the  center  of  the  circle  to  the  point 
where  the  circle  and  contour  intersect,  for  example, 
in  the  transition  of  the  scanning  point  from  white  to 
black,  the  problem  posed  will  then  be  solved,  since  in 
this  ease  the  o«iter  of  the  circle  will  move  on  the 
contour  in  one  direction  and  the  position  of  the  scan¬ 
ning  circle  will  be  steady  on  the  edge  of  the  contour. 

It  follows  from  examination  of  Figure  1  that  If  the 
center  of  the  scanning  circle  does  not  lie  on  the  contour 
the  vector  of  the  elementary  displacement  a  can  be 
broken  down  into  two  compounds:  the  tangential  a^ , 
which  displaces  the  center  of  the  circle  along  the 
ecmtour,  and  the  noraal  a2*  returning  the  center  of  the 
scanning  circle  on  the  contour*  The  trajectory  of 
movement  of  the  center  of  the  seazinlng  circle  will 
describe  a  broken  line  here,  wound  on  the  contour, 
obtainable  by  subsequent  adding  of  the  vectors  of  the 
el«sc3ntary  displaoMients  a* 

This  principle  of  tracking  the  contour  has  bemi 
>*See  literature  page  d.  -  ■ 
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A  l>lo«k  diaeram  of  tha  darloa  is  glran  ui  Piguri^  and 
oonaiste  of  tha  tracking  eoaanar  I  proper,  a  devlea  II 
viiloh  aerrea  for  the  oonveraion  of  aoalea  and  a  deyice 
III  tftalob  ia  uaed  in  the  meaaureaent  of  anglea. 

The  ainaaoidal  voltage  from  the  output  of  genera¬ 
tor  1  aeroaa  the  pbaae  inverter  2  with  reg^ated  phaae 
Bhift  ia  tranaferred  to  eaaoade  3,  forming  sinusoidal 
and  eoainuaoidal  osoillationa  which  are  used  further  on 
to  create  the  eireolar  motion  of  the  scanning  beam  on 
the  screen  of  the  counting  tube.  The  Berne  voltages 
are  transmitted  to  a  cascade  4  enalogous  to  cascade  3» 
to  the  outputs  of  iftiich  switches  5  ai^  6  are  connected 
to  take  readings  of  the  instantaneous  values  of  the 
paraphase  voltages,  the  veotoral  sum  of  which  is  pro- 
porti<mal  to  the  vector  of  the  elementary  displacement 
a«  The  readings  of  the  instantaneous  values  of  the 
sinusoidal  voltages  are  integrated  by  elonents  7  and  8, 


th«  signal  from  tha  output  of  vhich,  amplified  by  cas- 
osdat  9  and  10,  is  giTsn  to  the  counting  tube  11. 

The  scanning  beam,  having  completed  its  circular 
motion,  prc.leoted  from  the  aereen  of  the  counting 
tube  11  by  optical  means  onto  the  contour  of  the  Image, 
and  having  passed  through  or  been'  reflected  by  them, 
strikes  the  photomultiplier  12.  The  signals  obtained 
on  the  output  of  the  photomultiplier  are  amplified  by 
video  amplifier  13  and  given  to  cascade  14,  the  purpose 
of  which  la  to  shape  a  short  imsmlse  regulating  the 
taking  of  readings  of  the  instantaamous  values  of  the 
paraphaae  voltages  at  a  moment  of  time  corresponding  to 
the  intersection  of  the  contour  by  the  scanning  beam, 
at  the  transition  from  white  to  black,  for  example. 

The  phase  inverter  2  serves  for  oompensation  for 
the  effect  of  delays  arising  in  the  channel s  for  ampli¬ 
fication  and  ahapi^  of  signals.  Compensation  for  the 
effect  of  these  delays  is  accomplished  by  increasing  the 
total  delays  to  the  magnitude  of  the  period  of  revolution 
of  the  beam  on  the  scanning  circle. 

The  second  part  of  the  circuit  enables  the  contour 
of  the  image  being  investigated  to  he  reproduced  on  the 
control  tube  15  with  the  possibility  of  change  of  scales 
along  the  two  axes  of  the  coordinates  defined  by  the 
deflecting  system  of  tube  15  and  by  turning  of  the 
image  contour  in  the  coordinate  plane.  This  part  of 
the  block  diagram  does  not  differ  at  all  from  the  cor¬ 
responding  part  of  the  block  diagram  proper  of  tracking 
eeanner  1,  described  above.  Sudden  change  in  scale 
along  the  two  axes  of  the  coordinates  is  accomplished 
at  the  expense  of  change  in  the  constants  of  the  time 
of  integration  of  elements  16  and  17,  and  a  smooth 
ehsnge,  by  change  in  the  amplification  factor  of  ampli¬ 
fiers  is  and  19*  Turning  of  the  image  contour  on  the 
control  tube,  represent!^  the  turning  of  all  the  ele¬ 
ments  of  the  contour  on  one  and  the  same  angle,  is 
aecompllshed  by  introducing  a  eontrolled  delay  22  of  the 
signal,  taking  readings  of  the  lomtantaaeoicts  values  of 
the  paraphase  voltages  with  the  help  of  keys  21  and  20. 

The  third  part  of  the  circuit  is  used  in  measuring 
angles  in  places  where  there  are  breaks  in  the  contour, 
and  ooneista  of  two  amplifiers  23  and  24  with  variable 


•apllfioatlon  factors  regulated  by  a  Xlpp  relay  25  with 
a  poise  length  s^ort  of  the  period  of  the  frequency  of 
the  paraphase  voltages* 

Deaerlptlon  of  separate  unit a  in  the  circuit*  In 
the  device  boilt  accordl^  to  the  above  block  dlagrsa 
the  most  interesting  features  are:  1)  a  limiter  of  cir¬ 
cuit  14  shaping  short  impulses  regulating  the  talcing  of 
readings  of  the  Instantaneous  values  of  the  paraphase 
voltages;  2)  s%rltchea  5*  6,  20  and  21  which  accomp?.ish 
the  taking  of  these  readings;  3)  cascades  with  variable 
amplification,  used  In  the  measurement  of  angles  in 
breaks  of  the  contour* 

By  virtue  of  the  fact  that  the  counting  tube  has 
a  finite  afterglow  time,  the  video  amplifier  a  finite 
pass  band  and  the  scanning  point  finite  dimensions, 
the  pulses  of  the  photoeurrent  on  the  output  of  the 
video  amplifier  represent,  not  rectangular  pulses,  but 
trspesoidal  pulses  with  smoothed  fronts*  Since  during 
movement  of  the  scanning  circle  its  center  fluctuates 
around  the  contour.  Imposes  of  varying  length  are 
obtained*  All  this  has  forced  rejection  of  ordinary 
circuits  which  produce  a  limitation  at  the  mean  inte¬ 
gral  level  and  use  of  the  circuit  producing  a  limitation 
at  a  level  that  is  a  mean  relative  to  the  maximum  and 
minimum  values  of  the  photo  current  of  Figure  3*  In  this 
circuit  the  diodes  Dn  and  Do  are  used  for  bilateral 
peak  detection  of  the  supplied  signal*  The  arithmetic 
mean 


Fig.  3 


▼alu*  of  the  voltagea  obtained  at  the  outxmt  of  these 
detect  ora,  ampliried  by  the  cathode  3?epeeter  (1*2)  Is 
given  e.B  a  reference  to  the  limiter,  aeseniblod  according 
to  the  circuit  of  the  diode  svrlLch  and  consisting  of 
resistor  R-i  and  diode  D*«  The  voltage  obtained  on  the 
output  of  this  switch  IB  given  to  the  circuit  which 
shapes  short  pulses*  The  resistor  R2  used  to  select 
the  limitation  threshold* 

Switches  5,  6,  20  and  21,  used  to  take  readings 
of  the  instantaneous  values  of  the  paraphase  voltages, 
must  have  two-way  conductance.  As  a  two-way  switch 
(Fig*  4)  two  semiconductor  trlodes  were  used,  switched 
in  80  that  the  emitter  of  one  Is  joined  to  the  collector 
of  the  other,  while  on  one  pair  of  emitters  the  collector 
la  the  input  and  on  the  other  the  output*  The  regale  ting 
negative  pulse  with  a  duration  of  5  msec  and  an  amplitude 
in  the  order  of  30  V  Is  supplied  to  the  base  of  the 
trlodes*  The  maximum  amplitude  of  the  sinusoidal  voltage 
led  in  the  Input  of  the  switches  does  not  exceed  5  V* 


Results  of  testing  the  model.  In  the  constructed 
device  the  frequency  of  the  paraphase  voltages  was  10 
kc,  the  diameter  of  the  scanning  circle  1*5  mo  at  a  htm 
width  of  0*4  mm,  which  corresponded  to  a  linear  velocity 
of  notion  of  the  beam  along  the  contour  of  5  m/sec.  Such 
a  selection  of  frequency  was  broxaght  about  by  the  fact 


Fig.  4 


d«l3Ugglne  the  model,  and  on  the  other  ’bmxidi  it  wae  deel- 
Mhle  to  have  a  eoalesoent  image  on  the  monitor*  ' 
sX>eed  of  ox>eration  of  the  aystem  can  be  readily  increased, 
howevert  by  one  or  t%ro  times. 

Very  widely  differing  oohorent  images  were 
studied  d;xring  the  ehange  of  their  dimensions  from  the 
diameter  of  the  seaiming  eirele  to  dimensions  of  5  cm. 

In  this  the  maziraim  size  was  set  by  the  diameter  of  the 
tranmitting  tube  (7L01M).  Khen  the  eeanning  beem  strikec 
images  with  dimensions  smaller  than  the  radius  of  the 
scanning  oirole  they  are  not  passed  around  by  the  scan- 
ning  beam  along  the  outside  contour  but  ere  disjjosed 
within  the  scanning  eirele.  In  this  border  ease  the 
image  Is  turned  into  a  "point"  but  the  scanning  beam 
follows  the  image  nerertheless. 

It  was  established  in  the  experiments  that  the 
beam  does  not  transfer  to  an  adjacent  contour  if  the 
distance  between  the  contours  is  not  less  than  2-3 
diameters  of  the  scazming  circle,  and  in  the  opposite 
case  the  contours  are  considered  as  contiguous. 

Extremely  varied  images  cut  out  of  paper  were 
investigated  — *  convex  from  wires  with  a  diameter  of 
not  less  than  1  mm,  as  well  as  some  formed  by  a  combi¬ 
nation  of  these  images. 

The  apexes  of  the  angles  were  rounded  off  by  part 
of  the  circle  with  a  radius  that  was  about  equal  to  tho 
elementary  displacement* 

Vhen  the  scanning  oirole  turned  out  to  be  outside 
the  contour,  the  inclusion  of  a  necessary  seam  along 
the  apiral  until  finding  the  place  where  the  beam  atx*uek 
the  nearest  eomtour  was  assumed. 

Some  aDPlications  of  the  tracking  eoaanerf  The 
development  and  building  of  the  tracking  scanner  des¬ 
cribed  above  was  imdertaken  for  the  purpose  of  creating 
a  reading  machine,  on  which  a  quaai-logieal  method  of 
separating  letters  of  the  Russian  alphabet  into  classes 
was  based.  The  essence  of  this  method  was  that,  when 
the  letters  were  passed  around  on  their  outer  oonto^ir. 
Indexes  of  the  points  in  places  of  the  breaks  were 
detexmined,  in  idiioh  the  sucoession  of  values  of  the 
indexes  of  these  points  (without  considering  points  with 


•n  ind«x  of  two)  obtained  durlxi^  a  Biii3le  around 

tha  lattara  forms  oodod  oombinations  which  are  also 
ssaumsd  in  the  principle  of  the  classification*  In 
this  the  olasslfioation  of  letters  within  classes, 
obtftlrc'd  by  the  quasl-logical  nethod,  is  accomplished 
by  ncAi\.i  cf  the  supplementary  logic  which  has  developed 
the  signals  of  this  tracking  scanner* 

In  oonneotlon  with  the  fact  that  the  tracking 
scanner  has  constant  linear  velocity  of  motion  along 
an  arbitrary  contour,  it  appears  possible  to  olasalfy 
theae  contours  by  their  leni^h* 

Ihe  feature  of  the  tracking  scanner  of  paasing 
around  the  proposed  image  on  the  contour  oan  be  used 
for  contour  television  and  phototelegraphy* 

In  oonolusion,  the  authors  thank  A*  A*  Sharkevlch 
for  the  attention  he  gave  this  work. 
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